A method for the simultaneous determination of intact glucosinolates and main phenolic compounds (flavonoids and sinapic acid derivatives) in Brassica oleracea L. var. botrytis was proposed. A simplified sample extraction procedure and a UPLC separation were carried out to reduce the total time of analysis. B. oleracea samples were added with internal standards (glucotropaeolin and rutin), and extracted with boiling methanol. Crude extracts were evaporated under nitrogen, redissolved in mobile phase and analysed by UPLC with double detection (ESI À -MRM for glucosinolates and flavonoids, and DAD for main sinapic acid derivatives). The proposed method allowed a satisfactory quantification of main native sinapic acid derivatives, flavonoids and glucosinolates with a reduced time of analysis.
Introduction
Vegetables belonging to the Brassicaceae family are widely consumed throughout the world and are considered to play an important role in human nutrition due to the phytochemicals, such as vitamins, minerals, glucosinolates and phenolic compounds which can be found in their tissues (Cartea & Velasco, 2008; Harbaum et al., 2007; Moreno, Carvajal, López-Berenguer, & García-Viguera, 2006; Podsę dek, 2007) . Glucosinolates are secondary metabolite compounds which contain organic sulphur and that can be divided in three main groups (aliphatic, aromatic aryl and aromatic indole glucosinolates) depending on the chemical structure of their side chain (Halkier & Gershenzon, 2006; Moreno et al., 2006) . Several studies underline that glucosinolate content in fresh Brassicaceae vegetables may vary depending on genetic and agronomical factors (i.e. species, variety, climate, crop management strategies, postharvest storage, plant stage, etc.) (Branca, Li, Goyal, & Quiros, 2002; Hodges, Munro, Forney, & McRae, 2006; Jones, Faragher, & Winkler, 2006; Schonhof, Kläring, Krumbein, & Schreiner, 2007; Schreiner, 2005; Vallejo, García-Viguera, & Tomás-Barberán, 2003; Velasco, Cartea, Gonzales, Vilar, & Ordás, 2007) .
The total glucosinolate content in Brassicaceae vegetables has been generally estimated by HPLC UV-DAD after extraction with boiling water or methanol and desulfation of the intact glucosinolates on Sephadex-A25 columns (Hodges et al., 2006; Moreno et al., 2006; Nilsson et al., 2006; Suzuki, Ohnishi-Kameyama, Sasaki, Murata, & Yoshida, 2006) . More recently, the introduction of LC-MS/MS methods represented a major step forward the identification and quantification of single intact compounds (Bennett, Mellon, & Kroon, 2004; Mellon, Bennett, Holst, & Williamson, 2002; Song, Morrison, Botting, & Thornalley, 2005; Tian, Rosselot, & Schwartz, 2005) .
As mentioned above, the nutritional interest of Brassicaceae is also related with their phenolic compounds content. Glycosides of kaempferol and quercetin, their derivatives in combination with hydrocinnamic acids as well as sinapic acid derivatives have been found to be the most important phenolic compounds in the Brassicaceae family (Martínez-Sánchez, Gil-Izquierdo, Gil, & Ferreres, 2008) . Methods for identification and quantification of the main phenolic compounds in Brassicaceae vegetables have been generally based on HPLC coupled to DAD or MS detectors (Bahorun, Luximon-Ramma, Crozier, & Aruoma, 2004; Ferreres et al., 2005; Harbaum et al., 2007; Llorach, Gil-Izquierdo, Ferreres, & Tomás-Barberán, 2003; Vallejo, Tomás-Barberán, & Ferreres, 2004) .
Anyway, studies on glucosinolates and phenolic compounds content in cruciferous vegetables have been commonly carried out by separated analyses, requiring specific sample treatments and chromatographic conditions.
The aim of this study was to develop a UPLC-DAD-MS/MS method for the rapid and simultaneous determination of the major intact glucosinolates and phenolic compounds in Brassica samples. A single extraction procedure and an UPLC separation with double detection (DAD and MS/MS) were optimised to allow a suitable Phytolab GmbH & Co., KG (Vestenbergsgreuth, Germany). Benzyl glucosinolate [Glucotropaeolin, GTP, was supplied by ChromaDex Inc. (Santa Ana, CA, USA).
Standard stock solutions at 1 g/L of commercial standards were prepared by dissolving the pure standards in MeOH: Water (60:40, v/v) . Infusion solutions at 20 mg/L were prepared by diluting standard stock solutions with methanol HPLC grade. Chromatographic solutions of glucosinolates and phenolic compounds were prepared weekly by diluting appropriately the corresponding standard stock solution in mobile phase A. Internal standard solutions at 100 mg/L of GTP and Q3R were prepared by dissolving pure standards in methanol HPLC grade. A spiking solution containing 100 mg/L of SA, SIN, GIB, GER, GNP, GRP, and PRO was prepared by combining and diluting the standard stock solutions.
Sample treatment
Commercial green and white cauliflower samples (Brassica oleracea L. var. botrytis) were collected in local stores, packed in PE/aluminium bags under vacuum, frozen at À80°C and analysed within 2 months. Sample extraction was carried out following (Song et al., 2007) , with modifications to take into account the flavonoids and the sinapic acid derivatives. Frozen cauliflower florets were minced in a blender mixer Robot-coupe Blixer 3 (Robot Coupe (UK) Ltd., Isleworth UK). An aliquot of 1.5 g of frozen sample was placed in a centrifuge tube, added with 75 lL of a GTP and Q3R methanolic solutions followed by 7.5 mL of cold (4°C) methanol to minimise enzymatic activities.
Samples were then put in a thermostatic water bath (Memmert GmbH+ Co., KG, Schwabach, Germany) and maintained at 70°C for 15 min. Extracts were refrigerated in an ice water bath and centrifuged at 10,000 rpm for 10 min at 4°C in a Beckman J2-MC centrifuge (Beckman Instruments INC., Palo Alto, CA, USA).
An aliquot of 2 mL of the clean supernatant was evaporated to dryness with nitrogen and reconstituted with 1 mL of mobile phase A (ACN 5% in formic acid 0.1%), filtered through a PTFE 0.2 lm filter and injected into the UPLC-MS/MS system.
UPLC-DAD-MS/MS
The chromatographic system consisted of an Acquity UPLC (Waters, Millford, US) equipped with a Diode Array Detector (DAD) and a Triple Quadrupole Mass Spectrometer (TQD). Chromatographic separation was carried out with a BEH Shield C 18 (1.7 lm particles, 1. TQD was operated in negative electron-spray ionisation mode (ESI À ) and Multiple Reaction Monitoring (MRM). The capillary voltage, extractor voltage, RF lens voltage and multiplier voltage were set at 2.5 kV, 3 V and 0.1 V, respectively. The source temperature was held at 140°C and the desolvation temperature at 350°C. Desolvation gas flow rate was 350 L/h (nitrogen), cone gas flow rate was 25 L/h (nitrogen) and collision gas flow rate was 0.10 mL/min (Argon).
Compounds were identified by comparing their retention time and DAD, MS and MS/MS fragmentation spectra with those obtained from pure standard solutions when commercially available. Otherwise, peaks were tentatively identified comparing the obtained information with available bibliographic data. Single glucosinolates and flavonoids were quantified by MRM, considering one MS/MS transition for each compound. Instrumental conditions were optimised with the Autotune Wizard Software (Waters Corp., Manchester, UK) by infusing concentrated solutions of each compound separately. Sinapic acid was quantified on the basis of the DAD signal (k = 330 nm). Sinapic acid derivatives were quantified as sinapic acid equivalents (SAE), taking into account their molecular weight.
Two white and two green cauliflower samples (n = 4) were used to create a calibration sample set. Aliquots of 1.5 g for each sample were spiked in duplicate with increasing additions (not spiked, 0.1, 0.5, 2.5, 20, 100 and 200 mg/kg) of glucosinolates and sinapic acid using suitable volumes of spiking solution. Spiked samples were mixed, and then immediately added with internal standards and analysed as previously described. Peak area increase (MRM transition or DAD signal) in spiked samples were calculated considering the response of not spiked samples. A linear regression curve was calculated for each compound by plotting analyte/internal standard peak area ratio against the spiking concentration/internal standard concentration.
Limit of detection of the method (LOD) was estimated as the compound concentration in the sample corresponding to a signal-to-noise ratio equal to 3.
Inter-day repeatability was assessed by analysing in triplicate four samples the same day and the same day the week after.
Accuracy was evaluated by analysing two spiked samples, which were prepared independently from the calibration set samples by adding a suitable volume of the spiking solution to reach a final concentration of 2.5, 20, and 100 mg/kg for each compound.
Matrix effects on ESI
À ionisation were estimated by comparing the response of spiking solution compounds when diluted in the mobile phase or dissolved at the same concentration in matrix after extraction. Absolute recoveries were evaluated by comparing the DAD signal response in samples added with spiking solution pre-and post-extraction at the same level of concentration.
Results and discussion
A complete chromatographic separation of sinapic acid and main sinapoyl-derivatives ( S1, S2, S3, S4), was reached within 22 min, showing a significant reduction of the total time of analysis if compared to previous works (Fig. 1) (Harbaum et al., 2007; Llorach et al., 2003; Vallejo et al., 2004) . On the other hand, the chromatographic resolution for target compounds and their separation from matrix interferences was satisfactory, with N of 91,000 and 197,000 for sinapic acid, and Q3R, respectively. Selectivity ''a" was calculated for critical pairs of compounds (GIB/ GRP = 1.27; GTP/GER = 1.03 and 4-MGBS/NGBS = 1.31) with results similar or better than those observed in previously published papers (Bennett et al., 2004; Tian et al., 2005) .
Four sinapic acid derivatives were tentatively identified as 1,2-
on the basis of their [MÀH]
À , MS/MS fragmentation ions and UV-Vis spectra (Table 1) (Harbaum et al., 2007; Llorach et al., 2003) . In a similar way, three flavonoids were also tentatively identified, namely Quercetin-3-diglucoside-7-glucoside (QtriG), Kaempferol-3-diglucoside-7-glucoside (KtriG), and (Fahey, Zalcmann, & Talalay, 2001; Mellon et al., 2002 Bennett et al., 2004 Breme et al., 2009; Cataldi, Rubino, Lelario, & Bufo, 2007; Grubb & Abel, 2006; Skutlarek et al., 2004; Song et al., 2005; Tian et al., 2005) . Therefore, further intact glucosinolates, namely 5-methylsulfinylpentyl glucosinolate (glucoalyssin, GAL), n-hexyl/methylpentyl glucosinolate (n-hexyl/methylpentyl) 3-methylthiopropyl glucosinolate (glucoiberverin, GIV), 3-indolylmethyl glucosinolate (glucobrassicin, GBS), N-methoxy-3-indolylmethyl glucosinolate (neoglucobrassicin, NGBS), 4-hydroxy-3-indolymethyl glucosinolate (4-hydroxyglucobrassicin, 4-OHGBS) and 4-methoxy-3-indolylmethyl glucosinolate (4-methoxyglucobrassicin, 4-MGBS), were tentatively identified in Brassica samples and quantified as GTP equivalents according to the MRM conditions described in Table 1. The absence of detectable levels of GTP and Q3R in the crude extracts was verified in a series of preliminary trials, so these compounds were chosen as internal standards (i.s.). Absolute recoveries for SIN, GIB, GER, GNP, GRP, PRO, GTP (91%), sinapic acid, and Q3R were comprised between 83.4% and 95.4% for glucosinolates and between 74.2% and 77.5% for phenolic compounds.
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Estimated LODs (Table 1) were satisfactory, even if for GIB, GRP, and PRO were greater than 100 lg/kg. Nevertheless, it should be taken into account that these compounds have been generally found at significant higher concentrations in real samples. Ionisation suppression (between 20% and 40% depending on the compound) was observed for both green and white cauliflowers extracts. Anyway, further extract purification was not required because the response was satisfactorily linear in the working range for all compounds when specific calibration curves for green and white cauliflowers were employed (Table 2) . Mean inter-day repeatability (RSD%) were under 10% for sinapic acid and its derivatives, and between 8.8% and 18.6% for glucosinolates.
The total concentration of glucosinolates and phenolic compounds found with the proposed method in commercial samples, were in good agreement with previously published quantitative data (Table 3) (Mattila & Hellström, 2007; Song et al., 2005; Tian et al., 2005) .
Green samples contained higher amounts of glucosinolates and flavonoids, whilst the content of sinapic acid derivatives was very similar with that of the white varieties (Table 3 ). The glucosinolate profile of green cauliflowers was marked by high relative levels of glucoiberin and glucoraphanin, whilst the white ones were richer in sinigrin and glucoiberin, in agreement with previously reported studies (Branca et al. 2002; Song et al., 2005; Tian et al., 2005; Volden, Bengtsson, & Wicklund, 2009 ). However, some slight differences with previously reported glucosinolate profiles (Song 
Conclusions
The proposed method provides a suitable estimation of 20 target compounds with high nutritional relevance in Brassica spp. in a single chromatographic run. Sample manipulation is minimal and the complete chromatographic run (including washing and reequilibration) requires 30 min. The method could be suitable to rapidly screen main cauliflower phytochemicals, and to compare and optimise the effect of agronomic factors on the nutritional characteristics of Brassica spp.
